Background: We investigated whether pazopanib maintenance following first-line chemotherapy would improve survival in patients with extensive disease small-cell lung cancer (ED-SCLC).
Small-cell lung cancer (SCLC), which accounts for B15% of all lung cancers, is characterised by its rapid proliferation (Govindan et al, 2006) . More than half of patients with SCLC are diagnosed with extensive disease (ED) and etoposide plus platinum is commonly used as first-line chemotherapy (Hanna et al, 2006) . Despite dramatic response to first-line chemotherapy, most patients with ED-SCLC experience rapid relapse or progression during the off-therapy period (Hanna et al, 2006) . Moreover, the clinical outcomes of subsequent chemotherapy for relapsed or progressive disease are unsatisfactory, resulting in a median overall survival of 9 to 10 months (Eckardt et al, 2007) .
One approach to improve overall survival is maintenance therapy, which is administered in a state of non-progression after completion of first-line chemotherapy. Extensive disease-SCLC might theoretically be a good candidate for maintenance therapy, given that it is very short interval between completion of first-line chemotherapy and its subsequent disease progression (Schiller et al, 2001; Ready et al, 2015) , and prolongation of this interval can eventually lead to improvement of overall survival. Four cycles of topotecan following first-line etoposide and cisplatin chemotherapy improved progression-free survival (PFS) but failed to improve overall survival or quality of life in ED-SCLC (Schiller et al, 2001) .
Vascular endothelial growth factor (VEGF) is a proangiogenic factor that is important in pathologic angiogenesis in tumours. Small-cell lung cancer has a higher level of vascularisation than other tumours and is associated with high VEGF expression (Lucchi et al, 2002; Dowell et al, 2004) . Therefore, antiangiogenic agents are expected to be good therapeutic agents for SCLC. A randomised phase II trial recently compared sunitinib maintenance therapy with placebo by analysing 85 patients with ED-SCLC (Ready et al, 2015) . Sunitinib maintenance after four or six cycles of etoposide and platinum chemotherapy successfully met the primary endpoint, showing an increase in PFS from 2.1 months to 3.7 months (P ¼ 0.02). Although it failed to show a significant benefit in terms of overall survival, the survival benefit by 2.1 months under the crossover design warranted a further large study to confirm the role of sunitinib maintenance in ED-SCLC.
Pazopanib is an oral angiogenesis inhibitor targeting VEGFR, PDGFR, and c-kit (Sonpavde and Hutson, 2007) , and it has been approved in many countries for the treatment of patients with advanced renal cell carcinoma or advanced soft-tissue sarcoma (Sternberg et al, 2010; van der Graaf et al, 2012) . Compared with the standard dose of sunitinib (50 mg per day for 4 of 6 weeks), pazopanib 800 mg per day showed a comparable survival outcome with more tolerable toxicity profiles in patients with advanced renal cell carcinoma (Motzer et al, 2013) . A single-arm phase II trial showed clinical activity of pazopanib for relapsed or refractory SCLC with a median PFS of 14.1 weeks (Gandhi et al, 2012) .
Based on these data, the Korean Cancer Study Group-Lung 12-07 trial evaluated pazopanib maintenance compared with placebo after standard therapy with four cycles of etoposide and platinum for untreated ED-SCLC.
MATERIALS AND METHODS
Study design and patients. This multicentre, phase II, placebocontrolled, double-blinded, randomised phase II trial was conducted at seven hospitals in South Korea. Patients were eligible if they were diagnosed with ED-SCLC and had no evidence of disease progression after four 21-day cycles of etoposide and platinum chemotherapy. The choice of platinum, either cisplatin or carboplatin, and the dose of the chemotherapy before enrollment depended on the physicians' discretion and did not affect enrollment as long as four cycles of chemotherapy were completed. Patients with asymptomatic brain metastases were eligible for inclusion. Patients should have Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 2 and adequate organ function. If prophylactic cranial irradiation (PCI) was not planned, informed consent was required to be written between 21 and 42 days after day 1 of the fourth cycle of etoposide and platinum chemotherapy. If PCI was planned or already performe, d enrolment was required after completion of PCI and the allowed enrolment period was increased by 2 weeks.
The protocol was approved by the ethics review boards of each participating institution and all patients provided informed consent for enrolment in the trial. This study was sponsored by Novartis and registered in ClinicalTrials.gov (NCT0179784).
Randomisation. The enroled patients were stratified by ECOG performance status (0, 1 vs 2) and history of PCI (PCI vs no PCI). The stratified patients were randomly assigned in a 1 : 1 ratio to either the pazopanib or placebo arm. Randomisation was performed using a random number table generated for a stratified random permuted block design. The best response status of firstline chemotherapy did not affect the randomisation process.
Treatment procedures. Pazopanib 800 mg or placebo was administered orally once daily every 28 days until disease progression, death, or unacceptable toxicity. To evaluate adverse events, patients were followed every 2 weeks for 2 months and every 4 weeks thereafter. Dose modification or interruption was performed according to the pre-planned guideline described in the study protocol. For evaluation of response or progression, computed tomography for chest or abdomen/pelvis was performed every two cycles. At the time of disease progression, patients received standard therapy at the physicians' discretion and crossover was not allowed.
Statistical analysis. The primary endpoint of this study was PFS, defined as the time from randomistion to disease progression or death from any cause. Secondary endpoints included overall survival and safety.
Sample-size calculation was based on the following assumption: the rate of 6-month PFS for the placebo arm was expected to be 20% based on historical data and we will be highly interested in pazopanib maintenance if the 6-month PFS is as high as 40%. This study was expected to be able to randomise approximately five patients per month. Assuming 6 months of additional follow-up after completion of patient accrual and an exponential PFS model, 95 patients (about 48 patients per each arm) are required with 90% power to detect a difference of PFS by the two-sample log-rank test with one-sided a of 10%. The final analysis was planned when 92 events (progression or death) were observed.
Statistical analysis was based on modified intent-to-treat principle including all patients who were eligible and did not withdraw consent prior to receiving treatment. The PFS and overall survival were analysed by Kaplan-Meier curves and compared by the log-rank test and Cox's regression method. The objective response was evaluated by RECIST 1.1 (Eisenhauer et al, 2009 ). Toxicity and its severity were evaluated according to the common terminology criteria for adverse events (version 4.0).
Each binary outcome was compared between the two arms using Fisher's exact test. The significance of statistical tests was evaluated based on a two-sided a-value of 5% for the primary and other endpoints. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
RESULTS
Patient characteristics. We screened 101 patients for eligibility from June 2013 to July 2016 and 97 patients were randomly allocated to either the pazopanib arm (n ¼ 50) or the placebo arm (n ¼ 47). Two patients in the pazopanib arm withdrew consent before receiving the study drug and were excluded from the modified intention-to-treatment analysis according to the study protocol ( Figure 1 ). All baseline characteristics were well balanced between the two groups (Table 1) . Approximately 90% of all participants were male or smokers. All participants had ECOG 0 or 1. Sixty-four percent of patients received etoposide and cisplatin and the others received etoposide and carboplatin as first-line chemotherapy before enrolment; 95.8% demonstrated partial response to first-line chemotherapy.
Adverse events and dose modification. In the pazopanib arm, common toxicities of any grade were thrombocytopenia (56.3%), liver enzyme elevation (45.8%), anorexia (41.7%), proteinuria (33.3%), skin lesions (33.3%), diarrhoea (31.2%), fatigue (29.2%), stomatitis (25.0%), thyroiditis (22.9%), dyspepsia (20.8%), and hypertension (16.7%) ( Table 2 ). Grade 3 toxicities with incidence 45% were thrombocytopenia (10.4%, including one case with grade 4 toxicity), liver enzyme elevation (10.4%), fatigue (6.3%), and hypertension (6.3%). There was no fatal event related to pazopanib maintenance.
Twenty-five patients (52.1%) in the pazopanib arm experienced interruption of pazopanib administration due to adverse events and four of them discontinued treatment permanently due to unacceptable toxicities. The main reasons for permanent discontinuation included grade 2 proteinuria, prolonged grade 2 anorexia with grade 2 fatigue, grade 3 stomatitis with grade 2 diarrhoea and anorexia, and patient's refusal due to grade 1 anorexia with grade 1 hypertension. In the placebo arm, one patient interrupted the study after reporting grade 2 anorexia with grade 2 fatigue and was taken off the study.
In total, 25 patients (52.1%) in the pazopanib arm required dose reduction due to adverse events: 16 patients (33.3%) required dose reduction by 1 level (from 800 to 600 mg per day) and 9 patients (18.8%) required dose reduction by 2 levels to 400 mg per day. In total, 63% of episodes of dose reduction occurred within 6 weeks after starting pazopanib maintenance treatment, whereas only one patient in the placebo arm required dose reduction.
Efficacy. On the day of data cut off (17 April 2017), 92 patients experienced disease progression or death. At a median follow-up of 30.1 months, the median PFS was 3.7 months (95% confidence interval (CI): 3.5-3.8 months) for the pazopanib arm vs 1.8 months (95% CI: 1.8-1.9 months) for the placebo arm (hazard ratio (HR) 0.44, 95% CI: 0.29-0.69, Po0.0001) (Figure 2) . The number of patients with long duration of PFS (46 months) was 9 (18.8%) in the pazopanib arm and 2 (4.3%) in the placebo arm (P ¼ 0.027). Three patients achieved additional partial remission during pazopanib maintenance therapy, whereas there was no partial or complete remission in the placebo arm.
The median overall survival for the pazopanib and placebo arms was 10.6 months (95% CI: 8.4-12.7 months) and 12.9 months In total, 101 patients were assessed for eligibility and 97 were enroled and randomised. 95 were treated according to the study design and analysed by intention-to-treat analysis for efficacy and toxicity. (95% CI: 10.1-15.7 months), respectively (HR 1.14, 95% CI: 0.74-1.76, Po0.54) (Figure 3 ). In the unplanned exploratory analysis, there were no differences in overall survival according to history of PCI (PCI vs no PCI: 11.0 months vs 11.6 months, P ¼ 0.40) or regimen of first-line chemotherapy (etoposide plus cisplatin vs carboplatin: 12.3 months vs 9.8 months, P ¼ 0.64).
Pattern of failure and post-study treatment. Out of 92 patients with documented disease progression during the study period, data on initial progression sites were available in 73 patients. Four (13.3%) of 30 patients in the pazopanib arm and 6 (14.0%) of 43 patients in the placebo arm experienced the brain as the first disease progression site (P ¼ 0.94).
Out of 68 patients with available data about post-study treatment, 62 (91.2%) received post-study chemotherapy. Twenty-seven (84.4%) of 32 patients in the pazopanib arm received post-study chemotherapy, whereas 35 (97.2%) of 36 patients in the placebo arm received subsequent chemotherapy (P ¼ 0.062).The most common regimen as second-line chemotherapy was irinotecan-based chemotherapy (n ¼ 57) and the other patients (n ¼ 5) were treated again with etoposide plus platinum.
DISCUSSION
This study demonstrated a significant improvement of PFS, with a 56% reduction of risk (HR, 0.44), for pazopanib maintenance in patients with ED-SCLC who had not progressed with first-line etoposide and platinum combination therapy. However, the PFS benefit has not translated into improved overall survival. The result of prolongation of PFS in the current study is consistent with previous studies using anti-angiogenic therapy in SCLC, which all demonstrated a significant improvement of PFS by addition of bevacizumab or sunitinib during or after first-line chemotherapy (Spigel et al, 2011; Ready et al, 2015; Tiseo et al, 2017) . However, these studies failed to show an improvement in overall survival.
Given the significant improvement of PFS with pazopanib maintenance, the lack of a difference of overall survival between the two arms in this study might be affected by post-study treatment when crossover was not allowed. Although we did not prospectively collect data on post-study therapy, data were available for 74% of the patients with disease progression. Among them, all patients except six patients (five in the pazopanib and one in the placebo) did receive second-line chemotherapy. Therefore, we could assume that the prevalent use of second-line chemotherapy contributed in part to the decreased survival benefit from pazopanib maintenance in our study. Notably, however, all five patients who could not receive second-line therapy in the pazopanib arm died of cancer within 3 months after the studyoff. Among them, four patients experienced grade 2 adverse events during pazopanib maintenance. Although there was no available data explaining for the reason why they did not receive second-line therapy, their toxicity and dose reduction data implied that pazopanib maintenance therapy could affect negatively on their chance to receive second-line chemotherapy.
The observed safety profiles of pazopanib were quite similar to those of previous studies with pazopanib treatment in renal cell carcinoma, soft tissue sarcoma, and ovarian cancer (Sternberg et al, 2010; van der Graaf et al, 2012; Motzer et al, 2013; du Bois et al, 2014) . However, the dose reduction rate (52%) in the current study was slightly higher than in previous studies (39-44%) (van der Graaf et al, 2012; Motzer et al, 2013) . The higher dose reduction rates can in part be explained by that physicians tendency to reduce drug dose to maintain performance status and to control adverse events for long-term use of maintenance therapy, whereas these doses can otherwise be tolerated in active therapy for symptomatic metastatic disease. Another reason for the higher rate of dose reduction might be ethnic differences. In a pazopanib maintenance study for ovarian cancer, East Asians required more frequent dose reduction (75%) than other participants (36%), although the exact reason for this was not fully evaluated (du Bois et al, 2014) . Nevertheless, compared with the sunitinib maintenance study in ED-SCLC (Ready et al, 2015) , pazopanib maintenance showed more favourable toxicity profiles. In the CALGB 30504 trial, sunitinib maintenance with reduced dose (37.5 mg) for ED-SCLC incurred higher incidences of grade 3 toxicities (total 53.5%) and three patients had grade 4 adverse events (gastrointestinal hemorrhage; pancreatitis, hypocalcemia, and elevated lipase; and thrombocytopenia) (Ready et al, 2015) .
In the current study, history of PCI was one of the stratification factors in the randomisation process to decrease potential biases; however, only 8% of participants received PCI before enrolment. As the protocol let physicians decide whether or not to perform PCI after completion of first-line chemotherapy, the use of PCI absolutely depended on the physicians' discretion. Currently, the role of PCI in ED-SCLC is controversial. The European Organisation for Research and Treatment of Cancer study reported that PCI improved overall survival (P ¼ 0.003) and reduced the incidence of symptomatic brain metastases (Slotman et al, 2007) . During the active enrollment of our study, however, a Japanese phase III study reported that PCI had detrimental effects on overall survival (10.1 months in the PCI arm vs 15.1 months in the placebo arm), although it reduced the risk of brain metastasis (32.2% in the PCI arm vs 58.0% in the placebo arm) (Takahashi et al, 2017) . In addition, the neurotoxicity associated with PCI remains a concern and it has been reported that such neurotoxicity is more common in elderly patients (Wolfson et al, 2011; Gondi et al, 2013) . Considering that the median age was 67 years in the current study, most of our patients might not be recommended for PCI by physicians.
It is of note that nine patients in the pazopanib arm experienced long-term PFS of more than 6 months, compared with only two patients in the placebo arm. Moreover, three patients in the pazopanib arm achieved additional partial response, whereas there was no objective response in the placebo arm. This indicates that there is a patient subpopulation that can benefit most from pazopanib maintenance therapy. To date, predictive biomarkers for anti-angiogenic agents in cancer therapy are still unclear, although a few studies provided several lines of evidence regarding potential biomarkers. High baseline plasma VEGF level was associated with better response to bevacizumab, but not survival, in non-small cell lung cancer (Dowlati et al, 2008) . Baseline levels of cytokine and angiogenic factors such as hepatocyte growth factor and interleukin-12 were associated with tumour response to pazopanib in non-small cell lung cancer (Nikolinakos et al, 2010) . As a biomarker study related to pazopanib was not performed in this study to explain the long-term PFS and additional partial response, relevant biomarkers to select patients that might benefit from pazopanib should be further investigated.
In summary, our study met the primary endpoint of PFS but failed to show an overall survival gain from pazopanib maintenance. Although a larger phase III study is needed to demonstrate the difference in overall survival based on our positive PFS results, we think further studies should be approached with different designs before we move forward, considering the current toxicity and overall survival data. One prerequisite for future studies can be an enrichment of study population based on predictive biomarkers that will most benefit from pazopanib maintenance therapy in terms of toxicity and efficacy.
